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SUMMARY 

The throat of a Mach 2 . 5 ,  mixed-compression inlet with 40-percent internal 
supersonic-area contraction was fitted with a stability bypass system that was designed 
to provide the inlet with a large stable airflow range. Previous research programs had 
shown that controlling the stability bypass airflow with pressure- activated poppet valves 
would provide the inlet with very large stable margins. To further evaluate the concept 
of stability bypass control for this inlet, we tested an airflow system that used exhaust-
nozzle, secondary- airflow pumping as  the stability bypass control. A characteristic of 
the poppet valve that is essential for good stability bypass control - low pressure rise 
with increasing airflow - also characterizes secondary- airflow pumping. To provide 
a proper nozzle pumping characteristic, it was necessary to use a complete propulsion 
system. Therefore, the inlet was attached to a turbojet engine and an ejector nozzle 
with the stability bypass airflow ducted into the secondary-airflow chamber. Inlet-
stability bypass performance was obtained for steady- state conditions and for several 
transient airflow disturbances, both internal and external. Internal airflow disturbances 
included pulsed reductions in overboard-bypass-door area, power lever angle, and 
primary-nozzle area. External airflow disturbances were provided by a flat gust plate 
upstream of the inlet. Propulsion system response to compressor stall was also ob­
tained. 

At the test free-stream Mach number of 2 . 5  the stability bypass and nozzle pumping 
control provided greater inlet stability than a conventional bleed system. The addition 
of the stability bypass system to the inlet did not adversely affect the engine. 

INTRODUCTION 

At flight speeds above Mach 2 . 0  an inlet with a mixture of internal and external 
compression offers optimum performance by supplying the engine with high-pressure 
airflow while maintaining minimum drag. In mixed- compression inlets , maintaining 
the terminal shock at the inlet throat gives the highest pressure recovery and least dis­
tortion at the engine entrance, However, mixed-compression inlets have an undesirable 
airflow characteristic known as "unstart," which may occur when the terminal shock is 
placed too near the inlet throat. A slight transient reduction in airflow can move the 
terminal shock forward of the throat, where i t  is unstable and is abruptly expelled 
ahead of the inlet cowling. This shock expulsion, o r  unstart, causes a large, rapid 
reduction in mass flow and pressure recovery and greatly increases drag. Inlet buzz, 



compressor stall, o r  combustor blowout may also occur. Obviously, an inlet unstart 
is extremely undesirable because of i ts  adverse effects not only on the propulsion sys­
tem itself but also on the aircraft's aerodynamic qualities. If an unstart does occur, 
carefully controlled variations of the inlet geometry are required to reestablish the 
design operating conditions. An engine relight sequence will also be necessary if blow­
out occurs. 

Both external airflow disturbances (such as atmospheric turbulence) and internal 
airflow disturbances (such as reduced engine airflow demand) can cause the inlet to 
unstart. For an internal disturbance the inlet should provide a margin in corrected 
airflow below the optimum performance level without incurring unstart. This margin 
is defined as the stable airflow operating range. Conventional mixed-compression in­
lets can be designed to have a limited stable range: The performance bleed system in­
creases its airflow as  the terminal shock moves upstream into the throat bleed region. 
With fixed bleed exit areas, this limited stable range may not be adequate to absorb 
many airflow transients encountered by a typical supersonic propulsion system. A 
larger stable airflow range is currently provided for these inlets by operating them 
supercritically, with a resultant loss in their performance. Since any loss in inlet per­
formance is reflected directly as a loss in propulsion-system thrust and efficiency, 
supercritical operation should be avoided. 

The necessary system stability can be provided without compromising steady- state 
performance (i.e. , pressure recovery and distortion) by redesigning the inlet. The 
throat bleed system can be replaced with large bleed areas that provide a stability by­
pass system capable of removing large amounts of airflow (ref. 1). (The nomenclature 
for the throat airflow removal system has been changed since ref. 1was published from 
throat-bypass system to inletrstability bypass system. ) This system prevents unstarts 
by removing airflow from the inlet throat to compensate for reduced diffuser-exit air­
flow demand. Reference 1has shown that large increases in stability bypass airflow 
may be provided without prohibitive amounts of airflow removal during normal inlet 
operation if the bypass exit area can be controlled to maintain a relatively constant 
pressure in the bypass plenum. The inlet-stability bypass exit area can be varied by 
pressure-activated valves (such as the poppet valve in ref. 2) at the bypass exit. The 
effectiveness of several different stability bleed systems is discussed in references 1 
and 3 to 11. 

*Previous research has shown that a good stability bypass control maintains a nearly 
constant pressure characteristic as airflow increases. Like the poppet valve, 
secondary- airflow pumping of the exhaust nozzle of a supersonic propulsion system has 
this characteristic. Therefore, as  an exit control i t  should provide a sufficient inlet-
stability margin. To evaluate this control concept, an inlet incorporating it and at­
tached to a J85GE-13 turbojet engine was tested in the Lewis 10- by 10-Foot Super­
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sonic Wind Tunnel to determine its performance, both steady state and dynamic. The 
stability bypass airflow was ducted into the secondary-airflow plenum of the exhaust 
nozzle so that the exhaust nozzle could function as  an inlet-stability bypass exit control. 
The inlet was a Mach 2.5, mixed-compression type with 40 percent of the supersonic-
area contraction occurring internally. 

Both steady-state and transient data were recorded at the inlet free-stream design 
Mach number of 2.5. Internal airflow disturbances were obtained by pulsing the 
overboard-bypass airflow, the power lever angle, o r  the primary-nozzle area. Ex­
ternal airflow disturbances were provided by varying the angle of attack of a large flat 
plate located upstream of the inlet. A control system was used for fast inlet restart 
and engine relight when an inlet unstart was obtained. 

U. S. customary units were used in designing the test model and recording and 
computing the experimental data. These units were converted to the International Sys­
tem of Units (SI)for this report. 

APPARATUSANDPROCEDURE 

General Description 

An NASA-designed supersonic inlet attached to a General Electric model 585-GE­
13 turbojet engine was tested in the Lewis 10- by 10-Foot Supersonic Wind Tunnel at 
the following nominal free-stream conditions: Mach number, 2.5; total pressure, 
9.4 N/cm ; total temperature, 302 K; Reynolds number, 4 . 3 ~ 1 02 6 

(based on the cowl-
l i p  diameter); and specific-heat ratio, 1.4. The engine operated from windmill to 90­
percent corrected speed. When data were being taken with the engine running, the tun­
nel was operating on its propulsion cycle. In this cycle, the airflow downstream of the 
test section is vented to the atmosphere rather than recirculated as  in the aerodynamic 
cycle. Figure 1 shows the engine and inlet, with nacelle, installed in the wind tunnel. 

Inlet Model 

The inlet used in this investigation was a Mach 2.5 axisymmetric, mixed-
compression type with 40 percent of the design supersonic- area contraction occurring 
internally. The inlet was attached to a cylindrical nacelle 0.635 meter in diameter in 
which a 585-GE-13 engine or  a coldpipe, choked-exit plug assembly could be installed. 
For this study, only the engine was used. At the design Mach number, sizing the inlet 
to match the 585-GE-13's airflow requirements resulted in a 47.32-centimeter inlet 
capture diameter. The inlet was started by translating the centerbody. A flight ver­
sion of this inlet with 40-percent internal contraction would require a collapsing cen­
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terbody for starting and off-design operation (ref. 4). 
Some basic inlet design details a r e  presented in figure 2 .  Local theoretical airflow 

conditions on the cowl and centerbody, inlet contours, and diffuser-area variation a re  
shown for the inlet design Mach number and centerbody position. A computer program 
(ref. 12) that incorporated the method of characteristics was used to design the super­
sonic diffuser. Initial supersonic compression was provided by a two-cone surface with 
half-angles of l oo  and 18.5'. The internal oblique shock from the cowl lip was designed 
to be canceled a t  its impingement point on the centerbody by turning the surface. The 
remaining supersonic compression was isentropic for an average theoretical supersonic 
throat Mach number of 1.30  with an inviscid recovery of 0.9855.  At the design center-
body position, the geometric throat was located at an x/Rc Of 3 . 2 6 .  Downstream of the 
geometric throat, the inlet included a throat region with 1' equivalent conical expansion 
and a main subsonic diffuser that contained an overboard bypass system. The diffuser­
centerbody boundary layer was controlled by vortex generators at  an axial distance 
ratio of 3.965 (fig. 3).  Details of the vortex generator design a re  shown in figure 4 .  
The overall inlet length at design - cone tip to compressor face - was 7.88 cowl-lip 
radii. Internal surface coordinates of the inlet in terms of the cowl-lip radius a re  
presented in table I. The inlet design characteristics a re  discussed more completely 
in reference 13. 

Bleed areas were located in the throat region on the inlet cowl and centerbody sur­
faces. The forward-cowl bleed flow (not used in this test) was dumped directly over­
board, as shown in figure 5. Stability bypass flow (to give the inlet a large stable 
range) was removed through the stability bypass entrance (a large region of normal 
bleed holes on the cowl side of the throat region). It was then ducted through the cowl­
ing to the secondary- airflow chamber of the exhaust nozzle (figs. 3 and 5).  Centerbody 
bleed airflow was ducted through hollow support struts to two centerbody bleed pipe ­
choked- plug assemblies (fig. 3). 

The subsonic portion of the inlet diffuser incorporated two remotely controlled by­
pass systems: a fast-acting overboard bypass, and a slow-acting ejector bypass for 
engine and nozzle cooling airflow. For this investigation the ejector bypass was closed. 
Engine cooling airflow for the forward part of the engine was supplied from an external 
source. The externally supplied airflow mixed with the inlet-stability bypass airflow in 
the secondary-airflow chamber (fig. 5(b)). Cascades had been installed in the entrance 
to the overboard bypass cavity during a previous test program to eliminate resonance 
(ref. 14) .  

As shown in the figures, a bulky cowl was used on the test model so that major 
changes could easily be made to the inlet-stability bleed system and associated ducting 
during the wind tunnel tests. It was not representative of flight hardware. Figure 6 
shows how an inlet-stability bypass system with the stability airflow ducted to the ex­
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haust nozzle can be packaged within the low-external- cowl- drag profile essential for 
supersonic flight. 

Stability Bypass Entrance and Bleed Region Configuration 

The stability-bypass configuration used in this test program (fig. 7) was the same 
as configuration N F  of reference 1. As figure 7 shows, all the bleed regions were com­
posed of rows of normal holes arranged in a concentrated, staggered pattern to provide 
uniform, circumferential bleeding of the boundary layer. The distributed porous hole 
pattern of 0.3175-centimeter-diameter holes in 15  rows on 0.4763-centimeter centers 
gave a nominal porosity of 40 percent. Reference 1indicates that this stability bypass 
system can provide an inlet- stability margin of 28.4 percent from a high-performance­
match operating condition if constant pressure is maintained in the stability bypass 
plenum to inlet unstart. The available forward and aft cowl bleeds were sealed, and the 
centerbody bleed gave a performance bleed mass-flow ratio of about 0.025 at the inlet-
engine match condition. 

Engine Description 

The General Electric J8SGE-13 is an afterburning turbojet with a high thrust-
weight ratio. The engine has an eight-stage, axial-flow compressor coupled to a two-
stage turbine. It has controlled compressor interstage bleed, variable inlet guide 
vanes, a throughflow annular combustor, and an afterburner (not used in this test) with 
a variable-area primary exhaust nozzle. The engine inlet diameter is 40.8 centimeters. 

The compressor variable geometry consists of interstage bleed valves on stages 3 
to 5 and inlet guide vanes. On a standard engine, the bleed valves and guide vanes a re  
linked together and are  controlled by the main fuel control as a function of the engine 
corrected speed. During this investigation the compressor variable geometry and 
power lever angle were controlled either by a computer or  manually. The primary-
nozzle area, which is normally controlled by the afterburner fuel control, was also 
controlled either by a computer o r  manually for this test. 

The inlet performance for an engine stall condition was assessed by stalling the 
compressor by slowly closing the primary-nozzle area while maintaining a constant 
speed. So that the turbine temperature limit would not be exceeded during this proce­
dure, a reduced-area, first-stage turbine stator was installed. Then at  any point on the 
compressor map the turbine was matched to the compressor at a lower turbine-inlet 
temperature. 
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Upstream Airflow Variation Device 

A flat gust plate was used to vary the inlet, local, f r e s s t r e a m  airflow (figs. 1 
and 8). With the inlet and flat gust plate both at 0' angle of attack (fig. 8(a)), the local 
conditions at the inlet were not changed from the free-stream conditions. Increasing 
plate angle of attack decreased local Mach number and increased inlet angle of attack 

(fig. 8(b)). 

Instrumentation 

Static- pressure distributions were measured along the top centerlines of the cowl 
and centerbody at the axial locations given in table 11. Subsonic diffuser and bleed 
pressure instrumentation is shown in figures 9 and 10. Stability-bypass-bleed total 
pressure was measured by two total-pressure rakes just downstream of the open bleed 
at an x/Rc of 4.051. Pressures from these rakes were averaged to determine the 
stability-bypass-bleed recovery. Secondary total pressure was measured by two probes 
(fig. 5(b)). Centerbody and overboard-bypass- plenum pressures were measured by 
single tubes (fig. 10). 

Overall inlet total- pressure recovery and distortion were determined from six, 
10-tube total-pressure rakes (fig. 9) at the diffuser exit (inlet station 2). Each rake 
consisted of six equal- area-weighted tubes with additional tubes at the extreme equal­
area-weighted tubes in positions corresponding to an 18- tube area-weighted rake. The 
compressor-face instrumentation and a calibration curve were used to determine engine 
airflow, as described in appendix A. Two piezoelectric pressure transducers (D8 and 
D9) were located at the compressor face (fig. 9). Dynamic instrumentation locations 
a re  given in table III. 

The compressor discharge pressure was measured by 16 steady-state, total-
pressure probes mounted in four rakes as shown in figure l l ( a ) .  One total-pressure 
probe (D10) measured both steady-state and transient pressures. A piezoelectric trans­
ducer was flush mounted to the inside of the tube 15.2 centimeters downstream of the 
probe entrance, and the tube was extended to the steady-state recording system so that 
the tube operated like an infinite line. Turbine discharge total temperature T5 was 
measured by eight thermocouples (fig. ll(b))that were installed by the engine manu­
facturer and wired in parallel to give an average reading. Primary-nozzle total pres­
sure P8 was determined by applying a pressure loss factor of 0.0365 (P8 = 0.9635 P5) 
to the turbine discharge total pressure measured by the total-pressure instrumentation 
shown in figure 11(b). 

One dynamic total-pressure and eight dynamic static-pressure taps were placed 
along the inlet duct as shown in figures 9, 10, and 12. Outputs of the strain-gage 
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absolutepressure transducers in the cowl-lip static-pressure tap (Sl)and the throat 
total-pressure probe (S2) were used in ratio form (Sl/S2) to sense inlet unstart. The 
S1 and S2 transducers were mounted at the ends of 38.1- and 5.1-centimeter-long lines, 
respectively. The additional absolute pressure transducer (S3)was used to indicate 
the terminal shock position for computer control (fig. 1 2  and ref. 15). The remaining 
six (piezoelectric) transducers (D1 to D6)were flush mounted on the surface. 

Engine speed was measured by a magnetic pickup that sensed the passage of a ro­
tating gear attached to the customer-power takeoff shaft from the engine gearbox. Com­
bustor flame was sensed by a photodiode. The positions of the inlet centerbody, the 
overboard bypass doors, and the exhaust nozzle were determined from potentiometer 
measurements. 

The analog computer control system used during the tests is diagrammed in fig­
ure 13. The computer could be used to control the flat gust plate, the inlet centerbody, 
the overboard bypass doors, the power lever angle, and the primary-nozzle area. 

RESULTS AND DISCUSSION 

Basic Inlet Stability Data 

The development of an effective stability bypass entrance configuration and the re­
quired bypass-plenum exit configuration is described in references 1to 5 and 7. Basic 
results of these studies a re  presented in figure 14. 

Inlet- stability bypass performance obtained during previous tests is shown in fig­
ure 14(a), where the bypass total-pressure recovery is a function of the bypass mass-
flow ratio, and in figure 14(b) by a standard inlet-performance plot. The dashed lines 
represent the performance envelope of the distributed, porous, stability bypass con­
figuration N F  of reference 1, which was also used in the investigation reported herein. 
Data a re  shown for a fixed bleed exit and for poppet valves. The fixed exit was chosen 
because it essentially represents the performance of a conventional performancsbleed ­
small-fixed-exit system sized to provide an acceptable on-design bleed flow rate. This 
conventional system allows high on-design inlet performance but is not very tolerant of 
disturbances in diffuser airflow. For example, figure 14(a) shows that the fixed-exit 
system, which allows an acceptable match bleed of about 0.02 mass-flow ratio increases 
bleed mass-flow ratio by only about 0.02 when a disturbance moves the terminal shock 
upstream to the inlet minimum stable condition. This mass-flow change combined with 
the increase in diffuser-exit recovery provides a tolerance of about 5 percent to cor­
rected airflow changes. 

The basic concept of the stability bypass system is to provide the same on-design 
performance (i.e . ,  recovery and performance-bleed mass-flow rate) but to allow large 
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increases in bleed rate to aerodynamically compensate for the changes in diffuser-exit 
airflow demand. Providing this capability requires a stability-bypass-plenum exit area 
control with a relatively flat pressure- airflow characteristic. The poppet valve shown 
in figure 14 has this characteristic. It allows the same on-design inlet performance as  
the small, fixed exit area but provides a very large increase in bleed to the minimum 
stable condition. This increased bleed also allows the inlet diffuser-exit recovery to 
increase to 0.947 at the minimum stable condition. From a design recovery of 0.90, 
the poppet valves gave an inlet-stability margin of 25.6 percent. 

Secondary-airflow pumping of an exhaust nozzle also has a relatively flat pressure-
airflow characteristic. If connected with a n  inlet-stability bypass plenum, it should 
give results like those of the poppet valves. Exhaust-nozzle pumping as a stability by­
pass exit control is illustrated in figure 15. It is assumed that the nozzle provides the 
proper design match condition (point A) so that only the required amount of performance 
bleed is removed. If the nozzle pumping system were carefully matched to the inlet 
performance bleed, the inlet could be smaller and lighter since it would not have to 
supply both performance bleed (exhausted overboard) and ejector airflow for engine 
cooling. The drag caused by the overboard exhaust of the inlet performance bleed 
would, of course, be eliminated. From the match condition (point A) the stability by­
pass mass flow could increase substantially to provide the inlet with a large stability 
margin before the inlet minimum stable condition at point B was reached. Although the 
slope of the pumping curve (solid line) may vary considerably most of the exhaust noz­
zles that have recently been considered for supersonic propulsion systems exhibit the 
desired characteristic of a good stability exit control. The pumping curve in figure 15 
represents a single primary area and a single nozzle pressure ratio for match condi­
tions. In an actual application the condition represented by point B might vary along 
the minimum stable characteristic as a result of changes in these two parameters. 
These parameters might vary a s  a result of an airflow transient, o r  they might cause 
an airflow transient. 

The effect of changes in the ratio of secondary- to primary-nozzle diameter and 
nozzle pressure ratio on exhaust nozzle pumping is shown in figure 16. Although the 
pumping curves show the desired trend of a stability bypass exit control, how they are 
affected by a change from the design nozzle configuration is particularly important. 
In general, variations in these pumping curves would affect the minimum stable condi­
tion (point B in fig. 15). For example, reducing the power lever angle reduces the 
diffuser-exit airflow demand, thus causing the inlet to proceed toward point B on fig­
ure 15. However, reducing power lever angle also reduces nozzle pressure ratio. As  
shown in figure 16(b), a lower nozzle pressure ratio results in a smaller pressure 
demand. A s  the fuel flow is reduced and the terminal shock moves toward unstart at 
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point B, point B also moves to the right on the minimum stable characteristic and ef­
fectively provides a n  even flatter pressure- airflow control curve. 

Exhaust Nozzle Pumping 

Exhaust-nozzle pumping data from the wind tunnel tests are compared with data 
from a static test (ref. 16) in  figure 17. Although the external profiles of the two noz­
zles were different, the internal dimensions were the same. The data show the same 
trends and, when extrapolated, they agree with theory (ref. 16) at a corrected secondary 
airflow of 0.02 but have a slightly higher pressure requirement at a corrected secondary 
airflow of 0.08. (A higher pressure requirement is normal when data a re  compared 
with theoretical predictions. ) 

Data showing effective stability bypass exit control with exhaust-nozzle pumping 
are  presented in figure 18. The design of the test model resulted in the inlet bleed air­
flow entering the secondary- airflow plenum downstream instead of in front of the engine 
as desired (fig. 5(b)). Therefore, externally supplied airflow was used to cool the front 
of the engine. Instead of exhausting this extra airflow overboard upstream of the nozzle 
and allowing only the stability bypass airflow to be used as secondary airflow, the two 
airflows were allowed to mix. This combined airflow into the nozzle effectively moved 
the airflow characteristic for the inlet bleed to the left, as shown in figure 18. Be­
cause the amount of externally supplied cooling airflow was relatively constant, the ef­
fective pumping curve (dashed line) more closely simulated a nozzle pumping character­
istic that might be obtained in flight. This was desirable since the nozzle pumping 
curve (solid line) obtained did result in too large an on-design bleed mass-flow ratio be­
cause of the relatively low p r e s s u r e  airflow characteristic. The nozzle pressure ratios 
that could be provided for this configuration in the wind tunnel were much lower than the 
nominal flight value of 27 (ref. 18); the externally supplied airflow helps to compensate 
for some of this mismatch in nozzle pressure ratio. (The effect of pressure ratio on 
secondary- airflow pumping is shown in fig. 16(b)). 

Steady- State Inlet Stability Performance 

Steady-state performance of the inlet with the exhaust nozzle as the inlet-stability 
bypass exit control is shown in figure 19. Representative cowl surface pressure dis­
tributions are given in figures 20 and 2 1  and the nozzle pumping control is compared 
with other stability bypass exit controls in figure 22. 

The data in figures 19(a) and (b)are like the basic data of figure 1 4 .  Figure 19(a) 
shows that secondary- airflow pumping provides an exit control with characteristics like 
those shown in figure 15. Closing of the overboard bypass doors (circular symbols in 
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fig. 19(a)) increased the stability bypass mass-flow ratio by only 0.02. The remaining 
part of the nominal, bypass mass-flow ratio at match of 0.05 was absorbed by the en­
gine because of an increase in diffuser-exit recovery (fig. 19(b)). Reducing the engine 
speed from match (mby/mo = 0.05) to idle (square symbols in fig. 19) increased the 
stability bypass mass-flow ratio by 0.072 (fig. 19(a)), increased the total-pressure 
recovery to 0.943 (fig. 19(b)), and reduced the diffuser-exit corrected airflow 11.5 per­
cent (fig. 19(c)). 

Changes in bypass area and engine speed are typical causes of airflow variations in 
a flight propulsion system. The stability bypass exhaus t-nozzle pumping system can 
easily absorb these airflow changes without incurring an inlet unstart, as shown in fig­
ure 19(a). Centerbody bleed performance and compressor-face total-pressure distor­
tion are  presented in figures 19(d) and (e). 

Even when the bypass door area was closed at engine idle speed, the minimum 
stable condition was not attained (triangular symbols in fig. 19). The difference in 
mass-flow ratios between the right-most square data point (idle condition) and the tri­
angular data point in figure 19(a) is the bypass variation that would be obtained if the 
engine speed were reduced to idle and then the bypass area were closed. In this case a 
difference of about 0.05 in mass-flow ratio was realized. Comparing these two condi­
tions in figure 19(b) (in this figure the left-most symbols for the particular airflow var­
iations) shows that they a re  at  approximately the same recovery. Therefore, as shown 
figure 19(a), almost all the reduction in overboard bypass airflow was absorbed by a 
change in bleed airflow. 

Inlet minimum stable conditions could only be obtained by almost closing the over­
board bypass doors after the engine speed had been reduced to idle and the primary-
nozzle area had been reduced. These data are  represented by the right triangular sym­
bols in figure 19.  The pumping curve that was presented in figures 1 7  and 18 represents 
the match condition and pumping that would be obtained by reducing the engine speed to 
idle, closing the bypass doors at idle, and reducing the primary-nozzle area to inlet 
unstart. These combined airflow reductions were required to obtain the inlet minimum-
stable condition. From an initial engine match operating condition of 90-percent total-
pressure recovery (fig. 19(c)), corrected airflow was reduced from 16.58 kg/sec to a 
minimum stable corrected airflow of 13,36 kg/sec with the exhaust-nozzle-pumping 
inlet- stability bypass system. Substituting these corrected airflows into the stability 
index equation, SI = lOO((16.58-13.36)/16.58), gave a steady-state stability index of 
19.4 percent. Al l  these airflow reductions would probably not occur at the same time 
on an aircraft. Therefore, the exhausbnozzle-pumping inlet- stability bypass system 
can absorb all but extreme variations in inlet diffuser-exit airflow. 

The left-most data for the critical (or supercritical) conditions did not match the 
dashed line for supercritical stability bypass performance in figure 19(a) because of 
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the method used to calculate the bleed airflows. The airflow calculation methods are  
discussed in appendix A. A subtraction method was used to determine the stability air­
flow. Since this method used engine airflow, which is very difficult to determine ac­
curately, a small e r ro r  can be expected. No attempt to shift the curve in figure 19(a) 
was made. Obviously, the critical conditions should be on the supercritical bleed 
curve, but a lefbpositioning of the data that would satisfy the supercritical conditions 
would further offset the recorded minimum stable condition from the minimum stable 
characteristic curve. 

Cowl surface static distributions for an engine speed variation from match to idle 
a re  presented in figure 20. These pressure distributions a re  for the inlet performance 
conditions represented by the square symbols in figure 19. The curves in figure 20 
show that the terminal shock moved upstream as the engine speed was reduced. At en­
gine idle speed ( N / N * p  of 0.792) the terminal shock had moved upstream over about 
half of the the stability bypass entrance. This roughly correlates with the data of fig­
ure 19(a), which show that at the engine idle condition bleed airflow had increased to 
about half the total amount at  the minimum stable condition. 

Cowl surface pressure distributions for the critical and minimum- airflow inlet 
operating conditions for each method used in decreasing the diffuser-exit airflow are  
presented in figure 21. All the symbols except the inverted triangle (for critical or  
match) a re  consistent with the symbols of figure 19. For example, the right-triangular 
symbol of figure 2 1  represents the inlet minimum stable condition of figure 19. 

Stability bypass performance with the plenum exit controlled by the exhausbnozzle 
secondary-airflow pumping characteristic, the poppet valves, o r  a fixed exit are com­
pared i n  figure 22 for the inlet on an operating 585-GG13 engine. Exhaust-nozzle 
pumping, like the poppet valves, was superior to the fixed-exit control in greatly in­
creasing bleed as  the inlet approached minimum stable conditions. Exhaust nozzle 
pumping did provide the desired relatively flat pressure- airflow control characteristic, 
like the poppet-valve characteristic. The first, four data points for the stability system 
with exhaust-nozzle pumping control (key to fig. 22) are  for almost the same engine 
operating conditions (match to idle speed) as the poppet-valve data of reference 7. 
When the poppebvalve-controlled stability bypass system was tested with a turbojet 
engine, only the separate changes in each system controlling airflow were investigated. 
Combinations of changes, as were used during the exhaust-nozzle pumping tests, were 
not investigated because the coldpipe data had indicated the poppet valve's overall capa­
bilities. The two control curves for the poppet valves differ because a slightly higher 
valve internal reference pressure was used in the engine tests. 

11 




Propulsion System Response to Internal Airflow Disturbances 

The transient airflow disturbance data a re  presented in two parts: Part  (a) of each 
figure shows the inlet response, which includes inlet throat pressures D1 to D5, diffus­
er static pressure D6, stability-bypass-plenum pressure D7, overboard bypass. area 
Aby, and inlet centerbody position xcb' Par t  (b)of each figure shows the engine re­
sponse, which includes engine speed N; combustor flame sensor; combustor spark 
source; turbine- exit temperature T5; power lever angle PLAYprimary-nozzle area 
A8; compressor pressures D8, D9, and P3/P2; and the inlet unstart sensor trace. An 
increase in any of these parameters is indicated when the trace moves toward the top of 
the figure. 

Inlet response to engine light. - The started inlet responded to an engine light as 
shown in figure 23. The increase in engine speed and turbine-exit temperature shows 
that an engine light was obtained at the second spark shown on the trace. A s  the engine 
speed increased and conswuently the engine required more airflow, the closed-loop 
overboard bypass control system reduced the bypass area to prevent the inlet terminal 
shock from moving too far  supercritical. The control system was designed to hold a 
predetermined duct pressure. The nozzle area remained fixed during the engine light. 
No adverse effects of using the exhaust-nozzle secondary- airflow pumping control were 
observed. The pressure traces indicate very little pressure variation in  the inlet 
during the engine light. 

The unstart inlet responded to an engine light a s  shown in figure 24. Again the 
overboard bypass system was in closed-loop control. Results were like those for the 
started inlet. 

Engine response to inlet start.  - The engine and inlet responded during an inlet 
start with the engine running as  shown in figure 25. The inlet was started by translating 
the inlet centerbody upstream. In an actual flight inlet of this configuration, varying 
the throat area would require a collapsing centerbody (ref. 4). Centerbody translation 
is shown in figure 25(a): The nozzle area remained fixed during the inlet start  and no 
adverse effects of using the exhaust-nozzle secondary airflow as  a bleed control were 
observed. A sharp change in throat pressure level indicates the point of inlet start. 
Comparing the throat pressure traces with the centerbody position indicates that the 
inlet start  occurred just before the centerbody reached its most upstream position. The 
centerbody was adjusted to translate to a location just beyond the restart position and 
then return to the design position. 

In figure 25(b), inlet start  is indicated by a sharp increase in the level of the un­
start  sensor trace. The overboard bypass doors were on closed-loop control during the 
inlet restart  transient. During this investigation the duct pressure schedule for the 
overboard bypass control was basically a tw-pressure-level curve: one level for 
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started-inlet operation, and a slightly lower level for unstarted-inlet operation. The 
control command signal to the bypass doors switched to the unstarted pressure level 
when the inlet unstart sensor exceeded the reference level and commanded the doors 
to regulate the duct pressure to a predetermined level. 

Reductions in overboard bypass airflow. - The inlet and engine responded to a~. 

single sine-wave reduction in overboard bypass exit area as  shown in figure 26. This 
response is presented even though it was obvious from the steady-state performance 
(fig. 19) that reducing bypass area from inlet-match conditions would not cause an inlet 
unstart. The traces do show, however, the pressure increases for the throat as the 
terminal shock moved upstream (see trace for transducer D4 at the downstream edge of 
the open bleed region). Since the stability-bypass-plenum pressure D7 increased very 
slightly, the stability mass flow must have absorbed the change in diffuser-exit airflow. 
(The stability bypass design is based on a very small pressure rise in the bleed plenum 
for a substantial increase in bleed flow.) The data for the poppetrvalve-controlled sta­
bility bypass configuration of reference 7 were like the data of figure 26 for exhaust-
nozzle pumping when the inlet was subjected to similar transients in overboard bypass 
area. 

Inlet unstart from minimum stable conditions (fig. 27) was obtained by a small re­
duction in overboard bypass area from the minimum stable operating condition (fig. 19). 
A s  stated in the discussion of figure 19, exhaust-nozzle pumping provided a very large 
stability range for the inlet. An inlet unstart could only be obtained by reducing engine 
speed to idle, reducing nozzle area from match, and almost closing the bypass doors. 

Inlet unstart is indicated in figure 27(a) by a sharp drop in the throat pressures 
from the high, minimum stable pressure level (right-triangular symbol in fig. 21) and 
by the sudden drop in the unstart sensor trace in figure 27(b). When inlet unstart was 
indicated by the unstart sensor, the computer control was set  to extend the centerbody 
to restart  the inlet, to provide closed-loop overboard bypass control, and to cause the 
combustor spark source (spark plug at 2 sparks/sec) to relight the engine if the unstart 
had caused a blowout. The inlet restarted in about 0.2 second (limited by the centerbody 
translation rate) as indicated by the inlet unstart sensor. 

Figure 27 shows some of the very undesirable characteristics that are  associated 
with an inlet unstart. Combustor blowout occurred, as indicated by the steady-state 
character of the flame sensor trace just after unstart. The compressor probably did not 
stall as a hammershock pressure spike (which normally occurs in the inlet as a result 
of stall) was not evident. The compressor-face total pressure D9 shows an extremely 
large drop in recovery immediately after unstart. This drop in pressure (AP/Po = 0.78 
(4lines) and 0.195 p e r  line) represents a change in compressor-face recovery from 
0.94 at the minimum stable condition to 0.16 just after unstart. The combustor was 
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relighted about 0.50 second after inlet unstart, as indicated by comparing the spark 
source trace with the flame sensor and engine speed traces. 

Reductions in power lever angle. - Inlet and engine responses to a reduction in 
power lever angle are presented in figure 28. Reducing the power lever angle de­
creased fuel flow, which in turn decreased engine speed, as indicated in figure 28 (b). 
Reducing engine speed required a reduced diffuser-exit airflow demand since the over­
board bypass control was not activated. The pressure signal from transducer D4 indi­
cated that the terminal shock moved upstream to compensate for the reduced airflow 
demand but that the inlet did not unstart. Figure 19 has shown that the inlet could not 
be unstarted by varying the power lever angle from a match engine speed of about 0.873. 
The exhaust-nozzle-pumping stability bypass system provided such a large stability 
range that the inlet did not unstart even when the engine speed was reduced to idle. 

Reductions in primary-nozzle area. - The propulsion system responded to a re­
duction in the primary-nozzle area and consequently to a reduction in diffuser airflow 
demand as shown in figure 29. The results are like those for reductions in overboard 
bypass airflow and power lever angle. Reducing primary-nozzle area reduced engine 
speed. The lower engine speed moved the terminal shock upstream since less diffuser-
exit airflow was required because the bypass door control was not activated. The pres­
sure  rise for transducer D4 indicates the shock movement. A slight rise in the 
stability-bypass-plenum pressure D7 would indicate that the transient change in airflow 
was absorbed by the stability system and that inlet unstart did not occur. The trace for 
transducer D5 indicates that the shock moved downstream over this transducer just 
after the transient but then returned to its original position. 

The propulsion system responded to a compressor stall as shown in figure 30. For 
this transient, the compressor was stalled by a slow manual closing of the primary 
nozzle to backpressure the engine while manually advancing the power lever angle to 
maintain a constant corrected engine speed of 90.1 percent. Compressor performance 
is presented in figure 31. In figure 30(b) the primary-nozzle area before compressor 
stall appears to be constant because of the very slow manual closing of the primary 
nozzle. Stall hammershock shows up as the large initial pressure spike on all the pres­
sure  transducers in figure 30(a). Figure 30(b) indicates that combustor blowout oc­
curred at the same time that the compressor pressure ratio indicated stall. The inlet 
unstart sensor indicated inlet unstart about 0.01 second later. The inlet unstarted b+ 
cause the stability bypass system did not have the capability to absorb the airflow re­
duction associated with an engine stall. At inlet unstart the overboard bypass system 
was switched to closed-loop control. After stall, the command (scram) to completely 
open the nozzle and chop the fuel flow was given by the control system. Engine relight 
was not attempted. 
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Propulsion System Response to External Airflow Disturbances 

The propulsion system responded to variations in external airflow as shown in 
figures 32 to 37. External airflow disturbances that reduce inlet free-stream Mach 
number o r  increase angle of attack can induce inlet unstart. For some supersonic in­
lets, unstart results from a local overcompression of the airflow near the throat region 
to a subsonic condition. When theinlet is operated at an angle of attack, this overcom­
pression occurs on the leeward side of the inlet. Reference 1 indicates that local over-
compression can be delayed to larger angles of attack by locating bleed forward in the 
supersonic diffuser in the overcompression region and by removing bleed airflow from 
a large axial region on the cowl surface with additional bleed airflow removal. Ref­
erence 1 9  indicates that for a reduction in inlet free-stream Mach number the local 
overcompression again appears forward of the throat but circumferentially encompasses 
the entire inlet flow field. 

The external airflow was varied by pulsing (single sine wave) or  by a slow manual 
change of the flat-plate angle of attack (fig. 11)upstream of the inlet. Increasing the 
plate angle of attack from Oo lowered the local Mach number and increased the local 
angle of attack - for a combination of changes in the external airflow. 

For this test the inlet diffuser dynamic pressure instrumentation was on the side 
(q= 90') of the inlet. Therefore, increasing the plate angle, which caused a local 
downflow into the inlet, resulted in the dynamic-pressure instrumentation being between 
the windward (cp = 0') and the leeward (cp = 180°) sides of the inlet. The inlet throat 
transducers do show a local pressure increase because the disturbance was largely due 
to Mach number reductim. But they do not show the maximum pressure rise in the in­
let throat since the combination of Mach number and angle of attack would produce the 
maximum change on the leeward (bottom centerline) side. 

The system responded to pulses in the flat-gust-plate angle of attack as shown in 
figures 32 and 33. Changing the gust-plate angle from 0' to lo(fig. 32) increased pres­
sure in the inlet throat and in the stability bypass plenum. The inlet did not unstart, 
and no noticeable change in the engine parameters was observed. 

Changing the gust-plate angle from 0' to 1.2' (fig. 33) resulted in an inlet unstart. 
A rather large increase in surface pressure on the forward cowl (transducer D1) oc­
curred just before unstart; and, as  indicated earlier, the pressure rise on the leeward 
side should have been even larger (i.e . ,  increased to sonic conditions, which would 
result in an inlet unstart). The inlet unstart did not cause combustor blowout o r  com­
pressor stall because the unstart pressure transients were not severe. Therefore, 
only an inlet restart  was required to reestablish the initial operating conditions. The 
inlet restarted in about 0 . 2  second, with an additional 0 .3  second to reset the center-
body to the design position. The overboard bypass trace shows that the bypass doors 
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went into a computer- controlled, closed-loop operation upon inlet unstart. Normally, 
for  a conventional inlet, the bypass doors must be controlled upon inlet unstart to pre­
vent buzz. For this inlet configuration, however, overboard bypass control is probably 
not required because the stability bleed should perform the function of the overboard 
bypass upon unstart. I�upon unstart the bypass door area allows the stability system 
to function within the unstarted-buzz-limit bleed characteristic curves, the stability 
system will prevent inlet buzz. The stability bypass system as an inlet buzz control 
during unstart is discussed in reference 7.  Reference 7 also states that, when a con­
ventional inlet system with small bleed plenum and small fixed exit was unstarted by 
an external disturbance similar to that of figure 33, combustor blowout and stall always 
occurred. Again figure 33 shows the superiority of the exhaust-nozzle-pumping sta­
bility bypass system since neither blowout nor stall occurred. 

An inlet unstart created by a slow, manual variation of the gust-plate angle of at­
tack is presented in figure 34. The nearly constant level of the gust-plate angle before 
inlet unstart was the result of the slow manual variation of the plate angle. At inlet un­
star t  the computer commanded the plate to return to 0'. Basically, the results of the 
unstart shown in figure 34 were the same as for that shown in figure 33. Neither com­
bustor blowout nor compressor stall occurred. However, unlike the test conditions of 
figure 33, the overboard bypass doors were not set  to go into the computer-controlled 
mode upon unstart for the test conditions of figure 34. Inlet buzz did not occur. These 
data show that the stability bypass system can function during an unstarted-inlet condi­
tion to help prevent buzz. 

When the conditions of figure 34 were repeated about 4 5  seconds later, another in­
let unstart occurred (fig. 35).  Compressor stall and combustor blowout occurred just 
after inlet unstart. The inlet was restarted by extending the centerbody, but the engine 
was not relighted because the combustor spark source was not activated for relight. 
However, without combustor relight the decrease in engine speed and consequently in 
diffuser-exit airflow demand caused an upstream movement of the terminal shock, as 
indicated by the inlet throat transducers, and resulted in another inlet unstart. The 
stability-bypass-plenum transducer D7 indicated an increase in pressure before the 
second inlet unstart. 

From figure 19(a) a reasonable increase in plenum pressure would indicate that a 
large amount of airflow was removed as the terminal shock moved upstream. However, 
this system did not have the capacity to absorb the reduction in airflow from match to 
the almost windmill conditions (indicated by the nearly constant level at the end of the 
engine speed trace in fig. 35(b)) that occurred before the second inlet unstart. With the 
engine at windmill, the overboard bypass doors at the initial match condition, and the 
inlet unstarted, the stability bypass system could not prevent inlet buzz after the second 
inlet unstart. Thus, even though the stability bypass system can greatly reduce the re­
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quirements of the propulsion control system during inlet unstart, a simple overboard 
bypass system is still required for such extreme conditions as shown in figure 35. 

Manual scram of the system was begun about 0.1 second after the second unstart. 
During the tkst program, there were 16 inlet unstarts from external airflow distur­
bances. Only three of these unstarts caused the compressor to stall. Two of these 
stalls occurred when an inlet unstart condition was duplicated less than a minute after 
the first unstart condition. Figures 34 and 35 show these duplicate test conditions. 

During inlet unstart-restart and engine relight, with (fig. 36) or without (fig. 37) 
overboard bypass control after unstart, inlet buzz did not occur. Neither combustor 
blowout nor compressor stall occurred. These data a re  for conditions like those of the 
previous figures except that the primary-nozzle area was slightly larger. 

SUMMARY OF RESULTS 

The throat of a Mach 2 . 5 ,  mixed-compression inlet with 40-percent internal 
supersonic-area contraction was fitted with an inlet- stability bypass system designed 
to provide the inlet with a large, stable airflow range. This system allows the inlet to 
be operated at nearly the optimum performance condition without being susceptible to an 
inlet unstart a s  a result of small variations in inlet airflow. Previous research pro­
grams have shown that pressure-activated poppet-valve control of the stability bypass 
airflow results in very large, stable airflow margins for the inlet. For further evalua­
tion of the inlet-stability bypass system, the inlet was tested on a turbojet engine. The 
stability bypass airflow was ducted into the secondary-airflow plenum of the turbojet 
ejector nozzle. This arrangement allows the secondary-airflow pumping characteristic 
of the exhaust nozzle to function a s  an inlet-stability bypass exit control. The relative­
ly flat pressur+airflow characteristic of the nozzle pumping should provide results like 
those for the poppet valves. Inlet and engine response were obtained for several tran­
sient airflow disturbances, both external and internal. The test was conducted in the 
Lewis 10- by 10-Foot Supersonic Wind Tunnel at a Mach number of 2 . 5 ,  with the fol­
lowing results: 

1. The supersonic-exhaust-nozzle+ controlled inlet-stability bypass system had no 
adverse effects on the performance of the inlet o r  engine. 

2. With the inlet operating at a high performance condition, a large, stable airflow 
range can be provided by using exhaust-nozzle secondary-airflow pumping a s  an exit 
control for an inlet stability-bypass system. From an initial inlet operating condition 
of 90-percent total pressure recovery, i t  provided a steady- state stability index of 
19.4 percent. 

3. The inlet-stability bypass with the exhausknozzle pumping as  an exit control 
prevented the inlet from unstarting for all but extreme downstream disturbances. For 
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example, inlet unstart could only be obtained by stalling the engine o r  by a combined 
reduction in subsonic diffuser airflow that was obtained by reducing the engine speed 
from match to idle, reducing the turbojet primary-nozzle area, and closing the over­
board bypass doors. 

4. No difficultly was experienced in lighting the engine (with the inlet started o r  
unstarted) o r  in starting the inlet with the engine running. 

5.  When the engine was relighted during an inlet unstart with o r  without overboard 
bypass control, inlet buzz did not occur. Inlet buzz did occur after one inlet unstart 
without overboard bypass control in which the engine was not relighted but was allowed 
to coast down to windmill conditions. 

6 .  Combustor blowout occurred during only 3 of the 16 inlet unstarts that were 
caused by external airflow disturbances. 

7.  Combustor blowout occurred for both inlet unstarts that were caused by internal 
airflow disturbances. For one unstart, the inlet restarted in about 0 .2  second (limited 
by the centerbody translation rate) and the combustor relighted about 0 . 2  second later. 
Relight was not attempted when the inlet was unstarted by stalling the engine. 

8. The nozzle pumping characteristics obtained in the wind tunnel tests agreed with 
those obtained in a static test facility. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, July 24, 1978, 
505-04. 
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APPENDIX A 

ENGINE AND STABILITY BYPASS AIRFLOWS 

Engine corrected airflow and stability bypass mass flow were determined by the 
following procedure. 

Engine Airflow 

It is very difficult to measure engine airflow either in a wind tunnel o r  in flight. 
Therefore, the engine is usually extensively calibrated in a static test facility before, 
and perhaps after, the propulsion test program. A different approach to obtaining the 
engine airflow was used in this investigation. 

During the coldpipe investigation of this inlet (ref. 1)the airflow calculated from 
compressor-face instrumentation was compared with the airflow measured by the 
choked- exit mass-flow plug system. From this calibration the compressor-face calcu­
lated airflow can be corrected during an engine test to accurately represent engine air­
flow. The compressor-face calculated airflow Wcorr, cf and choked- exit- plug­
measured airflow Wcorr, cep are  compared in figure 38. 

Compressor-face airflow was calculated by the following equation: 

where Ai is the inlet capture area of 0 . 1 7 5 7  m2 ; PcdPois the compressor-face, 
total-pressure recovery (also P2/Po), (A*/A), is the area ratio for the free-stream 
Mach number, and mcf/mo was determined from 

mcf = Pcf Acf fE)cf-
"0 POAi (T)

0 

where Acf is the 0.1177-m 2 annulus flow area at the compressor-face rake station and 
where 
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(The compressor-face Mach number Mcf was determined from the average static and 
total pressures at the rake station.) 

As shown in figure 38, the calculated, compressor-face corrected airflow was 
larger than the actual corrected airflow as determined by the choked plug. Therefore, 
during the engine test program, the engine corrected airflow (Wcorr, or Wcorr,cep) 
was obtained by applying the calibration curve in figure 38 to measured compressor-
face airflows Wcorr, cf. If engine mass-flow m2/m0 is required, the corrected air­
flow equation and the value for Wcorr, a r e  used to obtain the correct value. 

Stability Bypass Airflow 

The stability bypass mass- flow ratio was determined by subtraction, as follows 

sb m. m m mcb-=>-2_by_­


"0 "0 "0 "0 mo 

where mi/mo is the capture mass-flow ratio (1.0 for the inlet cruise Mach number), 

mdmO was determined from the calibration curves for the enginsface rake station, 
and mb/mO and mcb/mo are measured values of overboard bypass and centerbody 
mass flows. 
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APPENDIX B 

SYMBOLS 

A flow area, m 2 

3

cowl-lip capture area, 0.1757 my

AC 

primary-nozzle area, m 2 

eo converging- vortex generator pair 

CPR compressor pressure ratio, P,/P, 

D inlet compressor-face distortion, D~ = [ (pmZ - pmin/Pav] 

DI diverging- vortex generator pair 

d diameter, cm 

f pulse frequency, UT, sec-l 

H annulus o r  rake height at  local diffuser station, cm 

h distance from inlet surface, cm 

M Mach number 

m mass flow, kg/sec 

"0 free-stream mass flow based on 

m/mo mass-flow ratio 

N engine speed, rpm 

N* rated engine speed, 16 500 rpm 

N / N * ~  corrected engine speed 
2

P total pressure, N/m 

Ac, kg/sec 

A P  fluctuating component of local pressure 

PLA power lever angle (throttle), deg 
2 

P static pressure, N/m 


RC 
inlet cowl-lip radius, 23.66 cm 


r radius, cm 


SI  stability index, SI = 100 - Wcorr, min s7 

Wcorr,op, 2 
T total temperature, K 
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W weight flow rate, kg/sec 


wco rr corrected airflow, W f i / / s ,  kg/sec 


X axial station, cm 


Xcb centerbody position measured from Mo = 2 .5  design cone tip position, cm 


x/R 
C 

axial distance ratio, inlet radii 


a! angle of attack, deg 


6 P/(lO. 1 3 ~ 1 0 ~ 
N/m2) 

8 T/288.2 K . .  

cowl-lip position psrameter, tan­

7 transient pulse width, sec 


P circumferential pos ition, deg 


Subscripts: 


av average 


b bleed 

bP bleed plenum 

by overboard bypass 

cb inlet centerbody 

CeP choked exit plug 

cf compressor face 

de subsonic diffuser exit (engine plus overboard bypass) 

e exhaust 

ea  external cooling airflow 

fP flat plate 

i inlet capture 

Z local 

max maximum 

min minimilm 


min s minimum stable inlet operating point 
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OP 

P 

ref 

S 

sb 

t 

U S  


0 

2 

3 

5 

8 


inlet operating point 


primary 


ref erence 


nozzle secondary 


stability bypass 


transient 


unstart 


free stream 


compressor- face station 


compressor discharge station 


turbine- exit station 


exhaust station (primary nozzle) 

23 


I 




REFERENCES 

1. Sanders, Bobby W. ; and Mitchell, Glenn A. : Throat-Bypass Bleed Systems for In­
creasing the Stable Airflow Range of a Mach 2.50 Axisymmetric Inlet with 40-
Percent Internal Contraction. NASA TM X-2779, 1973. 

2. 	Mitchell, Glenn A. ; and Sanders, Bobby W. : Airflow Control System for Supersonic 
Inlets. U. S .  Patent 3,799,475, Mar. 1974. 

3. 	Sanders, Bobby W. ; and Mitchell, Glenn A. : Increasing the Stable Operating Range 
of a Mach 2.5 Inlet. AIAA Paper 70-686, June 1970. 

4. 	 Bowditch, David N. ; et al. : Supersonic Cruise Inlets. Aircraft Propulsion. NASA 
SP-259, 1971, pp. 283-312. 

5. 	 Mitchell, Glenn A. ; and Sanders, BobSy W. : Pressure-Activated Stability-Bypass-
Control Valves to Increase the Stable Airflow Range of a Mach 2.5 Inlet with 40-
Percent Internal Contraction. NASA TM X-2972, 1974. 

6. 	Mitchell, Glenn A. ; and Sanders, Bobby W. : Poppet Valve Control of a Throat 
Stability Bypass to Increase the Stable Airflow Range of a Mach 2.5 Inlet with 
60- Percent Internal Contraction. NASA TM X-3297, 1975, 

7. 	Sanders, Bobby W. : Dynamic Response of a Mach 2.5 Axisyminntric Inlet and 
Turbojet Engine with a Poppet- Valve- Controlled Inlet- Stability Bypass System 
When Subjected to Internal and External Airflow Transients. NASA TP-1531, 1979. 

8. 	Shaw, Robert J. ; Mitchell, Glenn A. ; and Sanders, Bobby W. : Forward Slanted 
Slot Throat Stability Bypass to Increase the Stable Airflow Range of a Mach 2.  5 
Inlet with 60-Percent Internal Contraction. NASA TM X-2973, 1974. 

9. 	Shaw, Robert J. ; Mitchell, Glenn A. ; and Sanders, Bobby W. : Distributed Porous 
Throat Stability Bypass to Increase the Stable Airflow Range of a Mach 2.5 Inlet 
with 60-Percent Internal Contraction. NASA TM X-2974, 1974. 

10. 	Shaw, Robert J. ; Mitchell, Glenn A. ; and Sanders, Bobby W. : Distributed Educated 
Throat Stability Bypass to Increase the Stable Airflow Range of a Mach 2.5 Inlet 
with 60-Percent Internal Contraction. NASA TM X-2975, 1974. 

11. Mitchell, Glenn A.; Sanders, Bobby W. ; and Shaw, Robert J. : Throat Stability-
Bypass Systems to Increase the Stable Airflow Range of a Mach 2 .5  Inlet with 60-
Percent Internal Contraction. NASA TM X-2976, 1974. 

1 2 .  	Anderson, Bernhard H .  : Design of Supersonic Inlets by a Computer Program In­
corporating the Method of Characteristics. NASA TN D-4960, 1969. 

24 




13. 	Wasserbauer, Joseph F. ; and Choby, David A, : Performance of a Bicone Inlet 
Designed for Mach 2 . 5  with Internal Distributed Compression and 40- Percent In­
ternal Contraction. NASA TM X-2416, 1972. 

1 4 .  	Coltrin, Robert E. ; and Calogeras, James E. : Supersonic Wnd Tunnel Investiga­
tion of Inlet-Engine Compatibility. AIAA Paper 69-487, June 1969. 

15. 	Cole, Gary L. ; Neiner, George H.  ; and Crosby, Michael J. : An Automatic Re­
start Control System for a n  Axisymmetric Mixed-compression Inlet. NASA TN 
D-5590, 1969. 

16. 	Samanich, Nick E. ; and Huntley, Sidney C. : Thrust and Pumping Characteristics 
of Cylindrical Ejectors Using Afterburning Turbojet Gas Generator. NASA TM 
X-52565, 1969. 

17. 	Kochendorfer, Fred D. ; and ROUSSO,Morris D. : Performance Characteristics of 
Aircraft Cooling Ejectors Having Short Cylindrical Shrouds. NACA RM E51E01, 
1951. 

18. 	Bresnahan, Donald L. : Performance of an Aerodynamically Positioned Auxiliary 
Inlet Ejector Nozzle at Mach Numbers from 0 to 2.0. NASA TM X-2023, 1970. 

19. 	Choby, David A. : Tolerance of Mach 2.50 Axisymmetric Mixed- Compression In­
lets to Upstream Flow Variations. NASA TM X-2433, 1972. 

25 


I 




TABLE I. - INLET COORDINATES 

(a) Centerbody (b) Cowl 

Axial distance Inlet cowl-lip Axial distance Inlet cowl-lip Axial distance Inlet-cowl lip 
from center- radius ratio, 
body tip, r/Rc 

x/Rc 

18. 


0 I 0 1 4.750 0.5825 

10' Conical section 
4.800 
4.850 

,5700 
,5573 
.5448 

4.950 ,5320 
5' Conical section 5.000 .5195 

2.7620 0.7608 5.050 ,5075 

2.800 .7696 5.100 .4983 
2.850 ,7794 5.150 .4895 

2.900 .7874 5.200 ,4805 
2.950 .7937 5.250 ,4715 

3.000 ,7986 5.300 ,4622 

3.,050 ,8025 5.350 .4534 
3.'100 ,8045 5.400 .4444 
3.150 .8043 5.450 ,4352 

3.200 .8030 5.500 ,4264 


3.250 ,8015 5.550 ,4175 
3.300 .8000 5.600 ,4085 

3.350 .7982 5.650 ,3995 

3.400 ,7964 5.700 ,3900 

3.450 ,7944 5.750 ,3815 

3.500 
3.550 
3.600 

,7925 
,7906 
.7886 

5.800 
5.850 
5.900 

,3732 
,3650 
.3566 

3.650 .7862 5.950 .3488 

3.700 ,7834 6.000 ,3412 

3.750 
3.800 
3.850 

,7798 
,7757 
.7711 

6.050 
6.100 
6.150 

.3339 
,3266 
,3196 

3.900 ,7655 6.200 ,3130 

3.950 ,7590 6.250 ,3068 

4.000 .7513 6.300 ,2985 

4.050 ,7426 6.350 ,2910 

4.100 .7330 6.400 ,2845 

4.150 ,7230 6.450 ,2780 

4.200 ,7133 6.500 ,2716 

4.250 ,7036 6.550 ,2655 

4.300 .6924 6.600 ,2597 

4.350 ,6810 6.650 ,2545 

4.400 .6692 6.700 ,2501 

4.450 ,6577 6.750 ,2464 

4.500 ,6455 6.800 .2430 
4.550 ,6330 6.850 ,2410 
4.600 ,6205 6.900 ,2400 

4.650 ,6085 6.950 ,2396 

4.700 .5960 7.000 ,2394 

Cylinder 

7.8858 0.2394 


from center- radius ratio, from center- radius ratio, 
M Y  tip, r/Rc body tip, r/Rc 

x/RC X/Rc 

2.117 1.0000 4.600 0.9374 
2.150 1.0028 4.650 .9324 
2.200 1.0070 4.700 .9276 
2.250 1.O l l l  4.750 .9232 
2.300 1.0154 4.800 .9191 

2.350 1.0193 4.850 ,9153 
2.400 1.0228 4.900 ,9120 
2.450 1.0261 4.950 .9087 
2.500 1.0290 5.000 ,9050 
2.550 1.0317 5.050 .9044 

2.600 1.0340 5.100 .9049 
2.650 1.0360 5.150 .9058 
2.700 1.0373 5.200 .g071 


2.750 1.0382 5.250 ,9086 

2.800 1.0386 5.300 .9102 


2.850 1.0386 5.350 ,9118 

2.900 1.0381 5.400 .9132 

2.950 1.0370 5.450 .9145 

3.000 1.0356 5.500 ,9157 

3.050 1.0337 5.550 ,9166 


3. 100 1.0320 5.600 ,9173 

3.150 1.0304 5.650 .9177 

3.200 1.0290 5.700 .9179 

3.250 1.0275 

3.300 1.0262 Cylinder 


3.350 1.0251 6.1747 0.9179 
3.400 1.0239 
3.450 1.0227 Bypass gap 

3.500 1.0215 6.7847 0.8868 
3.550 1.0204 6.800 ,8865 
3.600 1.0192 6.850 .8855 
3.650 1.0176 6.900 ,8846 
3.700 1.0160 6.950 .8837 
3.750 1.0144 7.000 .8823 
3.800 1.0124 7.050 ,8805 
3.850 1.0100 7.100 ,8785 

3.900 1.0071 7.150 ,8760 

3.950 1.0037 7.200 ,8734 


4.050 .9955 
7.250 
7.300 

.8707 

.8677 
4.100 ,9908 7.350 .8654 
4.150 .9858 7.400 ,8639 
4.200 ,9808 7.450 ,8631 
4.250 ,9756 

7.500 ,8627 

4.000 1.0000 


4.300 ,9702 
7.550 ,8623 


4.350 ,9659 7.600 ,8621 

4.400 

4.450 Cylinder 


4.500 

7.8858 0.8621


4.550 .9426 

~~~ 
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TABLE II. - COWL AND CENTERBODY STATIC-

PRESSURE TAP LOCATIONS 

[Top centerline. ] 

Axial distance Axial distance 
from center- from center­

(b) Centerbody 

body tip, body tip,body tip, 
x/Rc 

2.684 
2.807 
2.859 
2.894 
2.930 

2.964 
2.999 
3.038 
3.066 
3 .101  

3. 136 
3. 170 
3.205 
3.240 
3.275 

3.310 

body tip, 
x/Rc 

3.380 
3.434 
3.489 
3.564 
3.639 

3.714 
3.950 
4.192 
4.519 

~ 4 .847 

5.202 
5.529 
6.119 
6.742 
7.311 

x/Rc 

2.308 
2.670 
2 .751  
2.802 
2.834 

2.858 
2.893 
2.963 
3.030 
3.102 

3.140 
3.173 
3.210 
3.247 
3.285 

3.317 
3.353 

x/Rc 

3.389 
3.441 
3.489 
3.543 
3.586 

3.629 
3.671 
3.714 
3.795 
3.875/I 3.951 
4.192 
4.519 
4.847 
5.202 
7 .311// 
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TABLE JII. - DYNAMIC INSTRUMENTATION LOCATIONS 

Probe Description Reference Comments 
no. 

D1 

D2 

D3 

D4 

D5 

D6 

D7 


D8 


D9 


D10 


s1 

s2 

s 3  


28 

Cowl static pressure 

Stability-bypass-plenum 

total pressure 


Compressor-face static 

pressure 


Compressor-face total 

pressure 


Compressor-exit total 

pressure 

Cowl static pressure 
Inlet throat total pressure 
Terminal shock position 

sensor 

figure 

12 

1

10 
12 

9 

9 


11 

12 
12 
12 

Inlet dynamics 

I 



- - - - -  

I 

(a) Bottom view from an  upstream location. (b) Bottom view from a downstream location. 

(c) Rear view. 

Figure 1. - Model installed in Lewis 10. by 10-Foot Supersonic Wind Tunnel. 
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L 

a, 

(a-1) Cowl surface conditions. 

(a-2) In le t  contours. 

Axial distance, x/Rc, in le t  radi i  

(a-3) Centerbody surface conditions. 

(a) In le t  dimensions and air f low conditions. Free-stream Mach number, 
MD 25.  

Compressor-face station -, 
u 

Iz 

.-0­

f;; . 6  Cowl-lip position 

L parameter, 

mPI # 
m 

3
-0 . 5  support s t ru t  inf luence-
L

v1 


3 

L.-L 

n 
4 

2 3 4 5 6 7 8 
Diffuser station, x/Rc 

(b) Diffuser area variation. 

Figure 2. - Aerodynamic details. Cowl-lip position parameter, 01 = 25.27'. 
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rFast -act ing\ overboard bypass 
1 

In let  station: 0 1 I1 2 ,-Stability bypass pipe
Axial distance I I 
ratio, xRc, in let  radii: 0 1.032 2117 3.779 3.965 5.202 

I I I ! I ;-
I I  

I --Stability bypass ,-Overboard­
airf’ow ,-” bypass-entrance 

Ct?hi l i+ ir  htm-rr nlnniim ~ I ,,/” Cual -vane  cascade 
Jlav l l l ly  u y p > >  plGilluIII 7 , 

Forward-cowl bleed reg’ 
_*- Ejector bypass ’ 

7-
R, = 23.66cm 

(I
-

bleed region J856E-13 

$ 

Centerbody s t r u t  discharge louvers ’ 
CD-11410-01 ’\ 

\-Centerbody 
bleed pipe 

Figure 3. - Inlet details. (Pipes for ducting bleed airflow are not shown in t rue circumferential positions.) 

W 
P 

1 



,-Diffuser exit total-
,/' ', pressure rakes 

r Upper-side 
// surface coordinates 

r0.0254 rad ,/ from NACA 0012 a i r fo i l  I 

LFlat lower I 
surface 0.1524 

Chord, 2.522I 1  	Lconverg ing  
pai r  (CO) 

Figure 4 - Vortex generator design. (Dimensions are in cm. 1 
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.--Forward-cowlf-'.bleed region 

CD-11411-01 

(a) Sketch of in le t  cowl showing cowl bleed and bypass ducting. 

A n n u l a r  adapter 
stabi l i ty  bypass // for ducting stabil ity 
airf low pipe / bypass airf low in to  7 J85-GE-13 

secondary-airflow / exhaust nozzle 
annu lus  /

/ 

/
II I  I I 

/ 

'\ \\ Secondary-airflow
'<

/, 
External ly \ total-pressure probe
supplied Stabil ity bypass (twocircumferential 
cool ing a i r f low Incations1.--- ..-..-.
a i r f low 

(b) Sketch of exhaust nozzle showing duct ing of airflow. 

Figure 5. - In le t  and nozzle airf low ducting. 
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Inlet-s tabi l i ty  Inlet-stabi l i tybleed region -, 
\ bleed airf low 

\ 

Overboard bypass '\ 
Engine 

(shown closed) 1 

-I 
Figure 6. - Possible arrangement of f l i gh t  in le t  incorporating a supersonic-exhaust-nozzle-controlled inlet-stabi l i ty 

bypass system. 
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Cowl bleed conf igurat ion 
o Bleed hole row openForward-	 Stabil ity bypass bleed 
0 Bleed hole row closedcowl o Alternate holes in row open

bleed bleed o Every t h i r d  hole in row open 

I I I 

Axial distance ratio, 
xlRc, inlet radii: 

.. Vortex generators 

xRC, in le t  radii: 2.779 2.828 2.988 3.180 

Centerbody bleed conf igurat ion 

bleed 

Figure 7. - Sketch of model showing cowl, distributed, porous stability-bypass-bleed system and centerbody performance-bleed system. 
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t 

\\ \ Mi = Mfp # 2 .5  
\ 
\ 
\ 
\ 

\ 
\\ 

af P = o ­

(a) In let  operating at un i fo rm design conditions: Free-stream Mach number, Mg. 2 5 ;  angle 
of attack, a,@. 

n t 
- -

\ 

\\ \ 
\ \ 

M O = 2 5  \ 
\ 
\ 
\ 
\ 

\\\ Mi = Mfp # 2 .5  
\ 
\ 
\ 
\- \\ 

\ 

(b) In let  operating at off-design conditions: Local Mach number, Mi  f 2 5; local angle of attack, 
9 + Q  

Figure 8. - Typical instal lat ion of Mach 2 5 in let  wi th  flat plate, where local in let  Mach number 
is funct ion of flat-plate angle. 

36 




Dynamic tota I- Ho l lw  centerbody
pressure 

tube D9 -,, support s t r u t  


I 
3 3 2 . 9  

Probe 

Static pressure 
0 Total pressure 

Dynamic pressure 

Dynamic static­
147.5' pressure tap D8 

Downstream view 

Ratio of distance 
f rom inlet  surface 

o -.699 . - .552 
H = 14.905 

f: 1::: 
h e _. 151
I . -.047 

Figure 9. - Subsonic dif fuser pressure instrumentation, showing typical exi t  rake and 
rake position at in le t  stat ion 2 
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--- 

r Stabil ity bypass 
// total-pressure 

rakes at c i rcum­
1 ferent ia l  positions 

/ of 90° and 270' 

'Overboard-bypass-plenum 

/ 

Dynamic pressure tap / /  
I 


before overboard bypass ,/I Axial distance center body-base 

cavity (D6, (0 at 320') J 	

ratio, xRc, 5.888 total-pressure tube 
in le t  radi i  

Figure 10. - Bleed and bypass pressure instrumentation. 

Dynamic and steady-
state total-pressure 
probe D10 

o 	 Steady-state total-
pressure probe 

Total-temperature probe 

(a) Station 3 - compressor discharge. (b) Station 5 - tu rb ine  discharge. 

Figure 11. - J85-GE-13 engine instrumentat ion (downstream view). 
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sensor 

Dynamic pressure probes

through -, .. .... . 
,,,,,,,:entia1 position, 90': S 1  ,' D1 

I ; 
DZ D3, . D4. -.D>.- -.'> . .  

s 3  

70.49 72.54 75100 7;:49 79:97 &:55 9 2  27 
f rom center-
body tip. xRC: 2 6 8 4  2 9 8 1  3.066 3.170 3.275 3.380 3.489 3.90 

inlet thrnat: c i r -
I , , . 


Figure 12 - Inlet-throat-region dynamic pressure instrumentation. 

+Flat gust  plate -y 
-I- ~~~ Engine and nozzle .+ 

I I Overboard-
door 

actus r-

Unstar t  Igni ter  Pr imary-
sensor position and power nozzle 

lever angle actuator 

Shock-
posit ion 
indicator 

Analog computer I 
Figure 13. - Block diagram of propulsion system control.  
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.- 

Stabil ity bypass 
exi t  control  

0 Fixed exi t  } F~~~ ref. 5 
0 Poppet valves 

Performance envelope (distributed, 
porous conf igurat ion NF, ref. 1) 

. 6 ­
0
-L 

Q 

-.­
n m c 

VI I 

1.0 
Stabil ity bypass mass-flow ratio, msb/m0 Mass-flow ratio, mime 

(a) Stabil ity bypass performance. (b) In le t  performance. 

Figure 14. - Steady-state performance of i n l e t  conf igurat ion as determined from previous coldpipe studies wi th fixed and poppet-
valve stabil ity bypass exi t  controls. Free-stream Mach number, M g  2.5. 

,,-Minimum stable 

\ ,-Supercritical \ 

\' 
n '\ 

'\ 

Stabil ity bypass mass-flow ratio, msb/mo 

Figure 15. - Exhaust-nozzle secondary-airflow pumping as 
exit control  for stabil ity bypass air f low of supersonic 
in let .  
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i 
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c
m a  

I ~~ 

(a) Effect of change in rat io of nozzle secondary to pr imary diam­
eters. 

Increasing 
nozzle pres­
s u r e  ratio, 
'S'PO 

Corrected secondary weight flow ratio, W,)/?,/wgflg 

(b) Effect of change in nozzle pressure rat io for constant pr imary-
nozzle area. 

Figure 16. - Exhaust nozzle pumping. 
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m 

P) 

v) 

-- 

Corrected Ratio of Nozzle Ratio of 
engine secondary pressure overboard 
speed, to p r imary  ratio, bypass area 

NIN” fi nozzle Pg/po to i n i e t  area, 
diameter, Aby‘Ai 

d J d 8  
1.487 19.24 0.0274 
1.484 18.01 .OM9 
1.483 16.31 .OM9 
1.483 14.26 .OM9 
1.483 14.25 0 
1.535 13.27 .0179 
16, ejector 1, at  diameter rat io 

dJdg of ­

1.17 
1.22 
1.42 

a 


A 

A 


I I I I 
,16 .20 .24 .28 . j c  

. 5 ­

. 4 ­co 

L-

VI a 


.-0-
LL 

L 


2 . 3 -
P) 

0 

0 0.873 
0 .854 
0 .827 

.792 
A .789 
a .762 

Data from ref. 

-

/ 
/‘ 

/’ 
- ,/’ 

/ I 
/ 

/’ /
/’ / 

/’ ,’
-

/ 0 

.04 .08 .12 
Corrected secondary weight flow ratio, Wsfls/W8f18 

Figure 17. - Comparison of exhaust-nozzle pumping characterist ics from w ind  t u n n e l  and  static tests. Free-stream Mach number, 
Me 2.5. 

1 
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Effective stability bypass 

Corrected Ratio of stability Ratio of secondary Nozzle Ratio of overboard 
engine bypass to secondary to pr imary nozzle pressure bypass area to 
speed, 

NIN"; fi 
nozzle mass flow, 

msblms 
diameter, 

d4d8 
ratio, 
'8'PO 

i n l e t  area, 
A b j A i  

0 0.873 0.446 1.487 19.24 0.0274 
0 .854 .542 1.484 18.01 .OM9 
0 .827 .579 1.483 16.31 .0309 
A .792 .663 1.483 14.26 ,0309 

.789 .738 1.483 14.25 0 
d .762 .764 1.535 13.27 .0179 

I I I I I I I! 
.20 .24 .28 .32.04 .08 .12 .16 

Corrected secondary weight flow rat io,  wsfli,/w8f18 

Figure 18. - Exhaust-nozzle pumping characterist ics and effective exhaust-nozzle pumping contro l  of inlet-stability bypass airflow. 
Free-stream Mach number, Mo, 2.5. 
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-- 

0
-a n 

v)
a 


.4 c 

I ‘\ 
’\ 

.2  t \ 
\\ 

*\ 

1 1 
.1n‘I .04 .08 .12 .16 

Stability bypass mass-flow ratio, m,b/mo 
(a) Stability-bypass performance. 

Diffuser-exit mass-flow ratio, mddmo 
(b) Inlet performance. 

. 9 6 r  

s 
u 

L. 

E 
3 A 
CL 


m 

.84 
A 

~ I. 
.02 .03 .04 

Centerbody bleed mass-flow 
ratio, mcb/mo 

(d) Centerbody performance. 

Corrected engine Primary- Variable 
speed. nozzle 

L. NIN”& area. 

0 0.865 0.0646 Overboard bwass 

A .792 (idle) .OM9 Overboard bypass ? 

A .762 (idle) .Om7 Overboard bypass 
Stability bypass performance envelope (configuration 

NF, ref. 1) 

I I 
.M .24 

Diffuser-exit corrected airflow, Wcorr, de. kglsec 
IC) Inlet performance showing corrected airflow. 

r 

I 
.04 .06 .08 .10 .12 

Distortion. D2 

( e )Compressor-face total-pressure distortion. 

Figure 19. - Steady-state performance of inlet configuration when using exhaust-nozzle pumping as inlet-stability bypass exit control. 
Free-stream Mach number, Mg. 2.5. 
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Corrected Total- Stability-bypass Stabil ity 
engine pressure total-pressure bypass 
speed, recovery. recovery, mass-flow 

N : N * , ~  p i p o  psb'pO ratio, 
%b"O 

U 0.873 0.899 0.278 0.048 --o--.a54 .909 .283 .a1 
-U- .827 .928 .292 .083 
--U-.792 .943 .323 .121 

15 




Diffuser-exit 
mass-flow 

ratio, 
mdelmO 

V 0.926 
0 .905 
0 .891 
0 .856 

.803 

.780 

L 
0 


.-0 
c 
m 
E 

.2 

Corrected Total- Stabil ity Stabil ity 
engine pressure bypass bypass 
speed, recovery, tota I -pres sur e  mass-flow 

NIN" fi P2'PO recovery, ratio, 
psb/pO %bImO 

0.899 0.899 0.278 0.048 
.863 .917 .m .069 
.851 .929 .309 .083 
.792 .943 . 2 3  .121 
.189 .945 .376 .169 
.762 .940 .392 .190 

,r Stabil ity
,' bypass 

I I 
2.8 	 3.0 3.2 3.4 3.6 3.8 

Axial  distance from centerbody cone tip, x/Rc, in le t  radi i  

Figure 21. - Cowl surface static-pressure distr ibut ions w i th  i n l e t  started for 
var iat ion in diffuser air f low from cr i t i ca l  to m i n i m u m  stable conditions. 
Free-stream Mach number, Mo, 2.5. 
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a, 
0 

W 

Y) 

m 

Y) 

x 

n 

--- .6 

.5 

0
-a s a 
 .4 
~ 

>
U 

E 
L 


2 
Y)

2 .3 
n-
c 

s 
Ln x 

n 


0 .2-.­
m 
c 

Ln 

.1 

Corrected Stabil ity bypass Stabil ity Total- Corrected 
engine total-pressure bypass pressure dif fuser-exit  
speed. recovery. mass-flow recovery. airflow, 

0 0.872 0.278 0.048 0.899 16.58 


Nozzle .a54 .2a3 .061 .909 16.17 

.a27 .291 .oa3 .928 15.46


pumping A .792 .323 .121 .943 14.66
data .7a9 .376 .169 .945 13.68i .762 .392 .190 .940 13.36 
Performance envelope (distributed, porous conf igurat ion NF. ref. 1) 
Poppet-valve performance curve, coldpipe program (ref. 5) 

0 Poppet-valve performance curve, turbojet engine program (ref. 7)
0 Fixed bleed exit (ref. 7) 

P ' 
\'. 

\ 

I I 
( .04 .08 .12 -16  .20 

Stabil ity bypass mass-flow ratio. msb/m0 

Figure 22. - Comparison of exhaust-nozzle secondary-airflow pumping, poppet-valve. and fixed-exit 
stabil ity bypass exit controls. Free-stream Mach number, Mg. 2.5. 
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Inlet throat static pressure 
(0.195 p/Po per line): 

D1 

D2 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine) 

Stability-bypass-plenum total 
pressure, D7 (0.195 p/Po 
per l ine)  
Overboard-bypass-door a ea
variation, Aby (37.9 cm i 
per l ine) 

Centerbcdy translat ion, Xcb 
(1.82 cm per l ine) 

Time (0.1 sec per line1 

(a) Inlet response. 

Figur! 23. - Started-inlet response to engine light. Free-stream Mach number, Mo, 2.5; corrected engine speed, 
NIN- fi,0.628; total-pressure recovery. P+Po, 0.877; stabil ity bypass total-pressure recovery, Ps,/Po, 0.207; 
pr imary nozzle area, As, 0.064 square meter. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per l ine)  

Combustor f lame sensor 

Combustor spark source 

Turbine exit temperature, .. 
T5 1108' C per l ine)  

Power lever angle, PLA 
(14.3' per l ine)  

Primary-nozzle area, 
Ag (41.1 cm2 per l ine)  

Compressor-face static 
pressure, D8 (0.195 p /  PO 
per l ine) 

Compressor-face total pres­
sure, D9 10.195 p/Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 Pj/ P2 per l ine)  

In let  uns tar t  sensor 

I 

Time (0.1 sec per l ine) 

(b)Engine response. 

Figure 23. - Concluded. 



I III 11111111 1 1 1 1  II 111II II I I I  1111 11.111111 1111 I I  1 1 1  I I 11111 I I  

In let  throat static pressure 
(0. i 9 5  p1Po per line): 

D1 

D2 

03 


D4 

D5 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  

Stability-bypass-plenum total 
pressure, D7 (0.195 p/Po 
per l ine) 
Overboard-bypass-door a ea
variation, AbY 137.9 cm1 
per l ine)  

Centerbody translation, Xcb 
(1.82 cm per l ine)  

Figure24. - Unstarted-inlet response to engine light. Free-stream Mach number, Mo, 2.5; corrected engine speed,
N/N.'-fi,0.627; total-pressure recovery, P2/P,,, 0.761; stabi l i ty bypass total-pressure recovery, Psb/p0, 0.186; 
primary-nozzle area, A8, 0.0648 square meter. 
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-- 

- -  

Engine mechanical speed var i ­
ation, N (1090 rpm per l ine)  

Combustor f lame sensor 

Combustor spark source 

Turbine exit temperature, 
T5 (108' C per l ine)  
Power lever angle, PLA 
(14.3O per l ine)  

Primary-nozzle area, 
Ag (41.1 cm2 per l ine)  

Compressor-face static 
pressure, D8 (0.195 p /  Po 
per l ine) 

Compressor-face total pres­
sure, D9 (0.195 p/Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3/P2 per l ine)  

-. 
-

A 

I 

! 
I 

I 1 

.p 

i
- 1  

! 
I - ~  

. , . - * _  

.-T---

WI tnyine response. 

Figure 24. - Concluded. 
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Inlet throat static pressure 
(0.195 p/Po per line): 

01 

D2 

D3 

D4 

D5 

Diffuser static pressure, 

D6 (0.195 p l  Po per l i ne )  


Stability-bypass-plenum total 

pressure, 07 (0.195 p l P 0  

per l ine)  


Over board -bypass -door a ea 

variation. Ah\, (37.9 cm 1 

, I 
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. I 


Centerbody translation, Xcb 

(1.82 cm per l i ne )  


I 1 I ~LLL~.i i i ~ ._I_ 1 , .1 
Time (0.1 sec per l ine)  

(a) Inlet response. 

Figure 25. - Inlet restart wi th  engine runn ing .  Free-stream Mach number, Mo, 2.5. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per  l ine)  

Combustor f lame sensor 

Combustor spark source 

Turb ine  exit temperature, 
T5 (108' C per l ine)  

Power lever angle, PIA 
(14.3' per l ine)  

Primary-nozzle area, 
A~ (41.1 cm2 per l ine)  

Compressor-face static 
pressure, D8 (0.195 p l  PO 
per l ine) 

Compressor-face total pres­
sure, D9 (0.195 p/Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3/P2 per l ine)  

In let  unstart  sensor 

(b) Engine response. 

Figure 25. - Concluded. 



In let  throat static pressure 
(0. k95 p/ Po per  line): 

D1 

D2 

D3 

D4 


D5 


Diffuser static pressure, 
06 (0.195p/Po per l ine)  

Stability-bypass-plenum total 
pressure, D7 (0.195pIP0 
per l ine)  

Overboard-bypass-door a eavariation, Aby (37.9cmi 
per l ine) 

Centerbody translation, Xcb 
(1.82cm per l ine) 

Figure 26. -Trans ient  reduction in overboard bypass area. Free-stream Mach number, Mo 2.5; transient overboard 
bypass area, A t ,  30.3 square centimeters; transient pulse frequency, l/r,2 seconds-1; corrected engine speed, 
NIN" fi,0.87% total-pressure recovery, P2/Po, 0.899; mass-flow ratio, m2/mo, 0.877; stabi l i ty bypass total-
pressure recovery, P,b/PO, 0.278; primary-nozzle area, A8, 0.0647 square meter. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per l ine)  

Combustor f lame sensor 

Combustor spark source 

Turbine exit temperature, 
T5 (108' C per l ine)  

Power lever angle, PLA 
(14.3' per l ine) 

Primary-nozzle area, 
A~ (41.1 cm* per l ine)  

Compressor-face static 
pressure, D8 (0.195 p /  PO 
per l ine) 

Compressor-face total pres­
sure, D9 (0.195 p/Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3/Pz per l ine)  

Inlet unstart  sensor 
I 

(bl Engine response. 

Figure 26. - Concluded. 
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In le t  throat static pressure 
(0.195 p/Po per line): 

D l  

D2 

03 

D4 

D5 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  

Stabi Iity-bypass -plen um total 
pressure, D7 (0.195 p/Po 
per l ine)  

Overboard-bypass-door a1ea 
variation, Aby (37.9 cm 
per line1 

Centerbody translat ion, Xcb 
r l . 8 2 c m  per l ine)  

Time (0.1 sec per l i ne )  

(a) Inlet response. 

Figure 27. - Slow, manual reduction in overboard bypass area f rom Lnlet m in imum stable condit ion to i n le t  unstart.  
Free-stream Mach number, Mo, 25;  corrected engine speed, NIN"' \/e 0.762 (idle); overboard bypass mass-flow 
ratio, mby/mo, 0.037; total-pressure recovery, P21P , 0.9399; mass-flow ratio. m2/mo, 0.743; dif fuser-exit  mass 
flow ratio, mde/mo, 0.780; nozzle pressure ratio, PsppO 13.273. stabi l i ty bypass total-pressure recovery. Psb/P@ 
0.392; primary-nozzle area, A 8  0.0607 square meter. 
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Engine mechanical speed var i ­
ation, N 11090 rpm per l ine)  

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine)  

Power lever angle, PLA 
(14.3' per l ine)  

Primary-nozzle area, 
A8 (41.1 cm2 per l ine)  

Compressor-face static 
pressure, D8 (0.195 p/Po 
per l ine) 

Compressor-face total pres­
sure,  09 (0.195 p/Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3/P2 per l ine)  

In let  unstar t  sensor 

(b) Engine response. 

Figure 27. - Concluded. 
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In let  throat static pressure 
(0. f-95 p l  PO per l ine): 

D1 

D2 

D3 
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-. - ;  ' ~- . 1 ...... ;.-i- . , . . .  ..* . .  . . . . .  
- 1 I ',I -+. 

.­"-_- 7  - . . ' -

D4 

D5 

Diffuser static pressure, 
D6 (0.195 p l  PO per l ine)  

Stability-bypass-plenum total 
pressure, D7 (0.195 p lP0 
per l ine)  

Overboard-bypass-door a ea
variation, Aby (37.9 cm 1 
per l ine)  

Centerbody translation, Xcb 
I .(1.82 cm per l ine)  

d:; i -

Time (0.1 sec per l ine)  

(a) In let  response. 

Figure 28. - Transient reduction in power lever angle. Free-stream Mach number,  M,, 2 5; t rans ien t  power lever 
angle, PIAt, 300; t rans ien t  pulse frequency, lh, 2 seconds-'; corrected engine speed, N/N"fi 0.873; total-
pressure recovery, P2/Po, 0.899; mass-flow ratio, m2/mo, 0.877; stabil ity bypass total-pressure recovery. 
Psb/PO, 0.278; primary-nozzle area, A8, 0.0647 square meter. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per  line) 

Combustor f lame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine)  

Power lever angle, PLA 
(14.3O per l ine)  

Primary-nozzle area, 
A~ (41.1 cm2 per l ine)  

Compressor-face static 
pressure, 08 (0.195 p l  PO 
per l ine) 

Compressor-face total pres­
sure, D9 (0.195 p l  Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3lP2 per l ine)  
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In let  throat static pressure 
(0.195 p l  PO per line): 

D 1  

D2 

D3 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  

Stability-bypass-plenum total 
pressure, D7 (0.195 p/Po 
per l ine) 

Overboard-bypass-door a ea
variation, Aby (37.9 c m  1 
per l ine)  

Centerbody trans lat ion, Xcb 
(1.82 cm per l ine)  

Time (0.1 sec per l ine)  

(a) In let  response. 

Figure 29. -Trans ient  reduction in primary-nozzle area. Free-stream Mach number, Mo, 2.5; t rans ient  primary-nozzle 
area, Ag t, 155 square centimeters; t rans ient  pulse frequency, UT,2 seconds-l; corrected engine speed, NIN"' fi, 
0.874; tdtal-pressure recovery, P z l  PO, 0.898; mass-flow ratio. m21mo, 0.874; stabi l i ty bypass total-pressure recovery, 
Psb/Po, 0.279; primary-nozzle area, As, 0.0647 square meter. 
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Engine mechanical speed var i ­
ation, N (1090rpm per l ine)  

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l i ne )  

Power lever angle, PIA 
(14.3' per l ine)  

Primary-nozzle area, 
A 8  (41.1 cm2 per l i ne )  

Compressor-face static 
pressure, D8 (0.195 p lP0 
per l ine)  

Compressor-face total pres­
sure, D9 (0.195 p/Po per line1 

Compressor pressure ratio, 
CPR (1.08 P3/P2per  l ine)  

Inlet unstar t  sensor 
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In le t  throat static pressure 
(0.195 p l  Po per  line): 

D2 

D3 

D4 

D5 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  

Stability-bypass-plenum total 
pressure, 07 (0.195 p /Po  
per l ine) 

! 

Overboard-bypass-door a ea I . , . ; : : . . . . . I !
variation, Aby (37.9 cm 1 

i , ' 
A , . ,. , 

,.- ! 
, . 

, I . .  . . . .  I ,per l ine) 

Centerbody trans lat ion, Xcb 
(1.82 cm per l ine)  

Time (0.1 sec per l ine)  

(a) In let  response. 

Figure 30. - Engine stal l  induced by slow! manual  reduction in primary-nozzle area. Free-stream Mach number, 
Mo, 2.5; corrected engine speed, NIN' fi,0.901; total-pressure recovery, P2/Po, 0.906; mass-flow ratio, 
m2/mo, 0.878; compressor total-pressure recovery, P3/P 5.525; stabi l i ty bypass total-pressure recovery, 
Psb/Po, 0.31; primary-nozzle area, A8, 0.0543 square mzer .  



Engine mechanical speed var i ­
ation, N (1090 rpm per l ine) 

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine) 

Power lever angle, PLA 
(14.3' per l ine) 

Primary-nozzle area, 
A8 (41.1 cm2 per line) 

Compressor-face static 
pressure, D8 (0.195 p l  PO 
per line) 
Compressor-face total pres­
sure, D9 (0.195 p lPo  per l ine) 

Compressor pressure ratio, 
CPR 11.08 P3 lPzper  l ine) 

Inlet unstar t  sensor 

Time (0.1 sec per l ine)  

(b) Engine response. 

Figure 30. - Concluded. 
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Figure 31. - Compressor performance obtained by reducing pr imary-
nozzle area wh i l e  mainta in ing constant corrected engine speed. 
Free-stream Mach number, M,, 2.5; corrected engine speed, 
NIN" fi, 0.901. 
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Inlet throat static pressure 
(0.195 p l  Po per line): 

D1 

D2 

D3 

04  

D5 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  

Stability-bypass-plenum total 
pressure, D7 (0.195 p/Po 
per l ine)  

Flat-gust-plate angle, afp 

Over board -bypass -door a eavariation, Aby (37.9 cm 5 
per l ine)  

Centerbody translation, Xcb 
rl. 82 cm per l ine)  

Figure 32. - External airf low t rans ient  induced by f lat gust plate - t rans ient  flat-gust-plate angle, qpt, l:Oo. Free-
stream Mach number, Mo, 2.5; t rans ient  pulse frequency, 10 seconds-! corrected engine speed. NlN" @, 0.872; 
total-pressure recovery, PzI PO, 0.901; mass-flow ratio, m2/mo, 0.876; stabi l i ty bypass total-pressure recovery, 
P,b/PO, 0.278; primary-nozzle area, As, 0.0647 square meter. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per l i ne)  

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine)  
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CPR.(1.08 P i / P 2  per l ine)  

In let  unstar t  sensor 
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Inlet  throat static pressure 
(0.�95 p/Po per  line): 

D l  

D2 

D3 

05 

. ....... . -
Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  . .  . . .  ­

- .  . .. -. -. 

Stability-bypass-plenum total - ~ -
pressure, D7 (0.195 p/Po 
per l ine)  .- - -. .-~-. 

Flat-gust-plate angle, afp 

_--- - ,. . . 
Overboard-bypass-door a ea ___I.,'.-- : -. _ .  . -~ .variation. Ah,, (37.9 cm 5 
per l ine) "' 

Centerbody translation, Xcb 
11.82 cm per l ine)  

Time 10.1 sec per  l ine)  

(a) In let  response. 

Figure 33. - External a i r f low t rans ient  induced by f lat  gust plate - t rans ient  flat-gust-plate angle, nfp t, 1. p.  
Free-stream Mach number, Mo, 2.5; transient pulse frequency, I/r, 10 seconds-l; engine corrected speed, 
NIN"' &,0.874; total-pressure recovery, P2/Po, 0.898; mass-flow ratio, m2/m0, 0.881; stability bypass 

total-pressure recovery, Psb/ Po, 0.279; primary-nozzle area, A8, 0.0647 square meter. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per l ine) 

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
Tg (108' C per l ine) 

Power lever angle, PLA 
(14.3' per l ine) 

Primary-nozzle area, 
A~ (41.1 cm* per l ine) 

Compressor-face static 
pressure, D8 (0.195 p l  PO 
per line) 

Compressor-face total pres­
sure, D9 (0.195 p/Po per l ine) 

Compressor pressure ratio, 
CPR (1.08 P3/P2per  l ine) 

Inlet unstart sensor 

. . / - ,  tt­

(b) Engine response. 

Figure 33. - Concluded. 
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In let  throat static pressure 
(0.195 p /  Po per line): 

D l  

0 2  

D3 

D4 

D5 


Diffuser static pressure, 
D6 (0. 195 p /  PO per l ine)  

Stability-bypass-plenum total 
pressure, 07 (0.195 p/Po 
per l ine) 

Flat-gust-plate angle, ofp 

Overboard-bypass-door a ea 
variation, Aby (37.9 c m  1 
oer l ine) 

Centerbody translat ion, Xcb 
i1.82 cm per l ine l  

(a) In let  response. 

Figure 34. - Slow, manual variat ion in flat-gust-plate angle of attack to in le t  unstar t  wi th  n o  overboard bypass 
contro l  after in le t  unstart.  Free-stream Mach number, M,,, 2.5; corrected engine speed, N/NQ 6,0.874; 
total-pressure recovery, PplPo, 0.897; mass-flow ratio, m2/m0, 0.877; stabi l i ty bypass mass-flow ratio, 

Psb/PO, 0.279; primary-nozzle area, A8, 0.0643 square meter. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per l ine)  

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine)  

Power lever angle, PLA 
(14.3' per l ine)  

Primary-nozzle area, 
A~ (41.1 cm2 per l ine)  

Compressor-face static 
pressure, 08 (0.195 p /  PO 
per l ine) 

Compressor-face total pres­
sure, D9 (0.195 p/Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3/P2 per l ine)  

In let  unstar t  sensor 
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In let  throat static pressure 
(0.195 p/Po per linel: 

D l  

D2 

D3 

04 

D5 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  

Stability-bypass-plenum total 
pressure, D7 (0.195 p lP0  
per l ine)  

Flat-gust-plate angle, afp 

Overboard-bypass-door a ea 
variation, Aby (37.9 cm i . .. 1 .  I . I. 

Der l i n e l  - -. ... . .- ­
. .-. . .  a 

._ - . .  . -~ ~ 

.. .. ~ - . .. . - ~ .  .~ 
Centerbody translation, Xcb --* 
11.82 cm per l ine)  

.~ . , .. 
. . i  

- . 
- .  ; I 

i , , 

Time (0.1 sec per l ine l  

(a1 In let  response. 

Figure 35. - Conditions of f igure 34 repeated 45 seconds later. 
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Engine mechanical speed vari­
ation, N (1090 rpm per l ine)  

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine)  

Power lever angle, PLA 
(14.3' per l ine)  

Primary-nozzle area, 
A~ (41.1 cm2 per l ine)  

Compressor-face static 
pressure, D8 (0.195 p l  Po 
per l ine) 

Compressor-face total pres­
sure, D9 (0.195 p/Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3/P2per l ine)  

In let  unstar t  sensor 

. .  
I

t-+­. ­. .  

Time 10.1 se t  per l ine)  

(b) Engine response. 

F igure 35. - Concluded. 
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Inlet throat static pressure 
(0.195 p l  Po per line): 

D1 

D2 

03 

D4 

05 

Diffuser static pressure, 
06 (0.195 p/Po per l ine)  

Stability-bypass-plenum total 
pressure, 07 (0.195 p lP0  
Der l ine)  

Flat-gust-plate angle, afp 

1 1 , - - I 
Overboard-bypass-door a ea -n 
variatinn A,.. (17 9 cm1 , > 

-
r 

.. ­
' UYper l ine)  

Centerbody translation, Xcb L . .I ' . I I . 
, I i(1.82 cm per l ine)  I rJ, , : - - i  j i i i i I - .  

Time (0.1 sec per l ine)  

(a) In le t  response. 

Figure 36. - Slow, manual variat ion in flat-gust-plate angle of attack to in le t  unstar! wi th  overboard bypass control 
after unstart. Free-stream Mach number, Mo, 2.5; corrected engine speed, N I N .  \/e 0.873; total-pressure 
recover, P21P0, 0.891; mass-flow ratio, m2/m0, 0.871; stability bypass total-pressure recovery, Psb/PO, 0.273; 
primary-nozzle area, AS, 0.0794 square meter. 
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Engine mechanical speed var i ­
ation, N (1090 rpm per  l ine) 

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine) 

Power lever angle, PLA 
(14.3' per l ine) 
Primary-nozzle area, 
A 8  (41.1 cm2 per l ine)  

Compressor-face static 
pressure, ~8 (0.195 p /p0  
per l ine) 

Compressor-face total pres­
sure, D9 (0.195 p /  Po per l ine)  

Compressor pressure ratio, 
CPR (1.08 P3/P2 per l ine)  

In let  unstar t  sensor 

. ! I . 

. ,  
., , . . .. . i .I-­

(b) Engine response. 

Figure 36. - Concluded. 
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In let  throat static pressure 
(0.195 p/Po per line): 

D 1  

D2 

D3 

D4 

D5 

Diffuser static pressure, 
D6 (0.195 p/Po per l ine)  

Stability-bypass-plenum total 
pressure, D7 (0.195 p lP0  
per l ine) 

Flat-gust-plate angle, afp 

Overboard-bypass-door a ea 
variation, Aby (37.9 c m  1 
per l ine)  

Centerbody translation, Xcb 
11.82 cm oer l ine)  

=-I
i
t 

I
I .  

. 

.. 
I 
I I 

Time 10.1 sec per l ine)  

(a) In le t  response. 

Figure 37. - Slow, manual  variat ion in flat-gust-plate angle of attack to in le t  unstar t  wi th  n o  overboard bypass contro l  
after in le t  unstart-; for larger primary-nozzle area than f igure 34. Free-stream Mach number, Mo, 2.5; corrected 
engine speed, NIN." fi,0.873; total-pressure recovery, P2/Po, 0.891; mass-flow ratio, m2/mo. 0.871; stability 
bypass mass-flow ratio, Psb/PO, 0. 273; primary-nozzle area, AS, 0.0794 square meter. 
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Engine mechanical speed var i ­
ation, N (1090rpm per l ine)  

Combustor flame sensor 

Combustor spark source 

Turb ine exit temperature, 
T5 (108' C per l ine)  

Power lever angle, PLA 
(14.3' per line1 
Primary-nozzle area, 
A s  (41.1 cm2 per l ine)  

Compressor-face static 
pressure, D8 (0.195 p/Po 
per l ine)  

Compressor-face total pres-
sure, D9 (0.195 p/  Po per l ine)  . .  i 1 ' i - t -
Compressor pressure ratio, 
CPR (1.08 P j l  P2 per l ine)  

. . . . . I -; 
. I . 

. . ; I : , - . I I .-{..A 
In let  unstar t  sensor 

Time (0.1 sec per l ine)  

(b) Engine response. 

Figure 37. - Concluded. 
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Figure 38. - Compressor-face corrected airflow calibration. 
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